Experimental section

Materials
Reagents and solvents used were commercially available and purchased from Panreac, Scharlau and Aldrich. Preparation and handling of air-sensitive materials were carried out in a N2 drybox (MBraun ULK 1000) with O2 and H2O concentrations < 1 ppm.
Commercially available O2 >99.5% pure from Praxair was purchased and used as received. Pytacn ligand was prepared as previously reported in the literature. 
Instrumentation
Mass spectra were performed by electrospray ionization in a high-resolution mass spectrometer Bruker micrOTOF QII (Q-TOF) with a quadrupole analyzer with positive and negative ionization modes.
H NMR,
13
C NMR, COSY and HSQC spectra were performed in a Bruker Ultrashield Avance III400 and Ultrashield DPX300 spectrometers.
UV-vis spectra were performed by a diode array spectrophotometer Agilent Cary 60 and low temperature control was maintained with a cryostat from Unisoku Scientific Instruments. GC analyses were carried out on an Agilent 7820A gas chromatograph (HP5 column, 30m) with a flame ionization detector. Raman spectra were recorded in 5 mm diameter NMR tubes at 77 K in a liquid nitrogen filled quartz Dewar. Spectra were collected in 180 o back-scattering mode with excitation at 532 and 355 nm (Cobolt Lasers, 50 mW) with a dichroic mirror (Semrock) at 45 o to the optical collection axis and a 25 mm diameter (75 mm focal length) planoconvex lens to focus the excitation beam and collect and collimate Raman scattering, which was passed through the dichroic and a long pass cut off filter (Semrock) before being focused at the entrance slits of a Shamrock 303i spectrograph with a 1200 l/mm grating blazed at 500 nm and a iDUS-420-BUEX2-DD CCD detector (Andor Technology). Spectral calibration was carried out using a 1:1 v/v mixture of acetonitrile and toluene. Spectra were processed using Andor Solis and Spectrum 10 (Perkin Elmer). The X-band EPR spectra were recorded on a Bruker EMX, equipped with the ER-4192 ST Bruker cavity and an ER-4131 VT at 9.445 GHz and 100 K with 100 kHz magnetic modulation, a microwave power of 6.981 mW, and an attenuation of 5 G. Elemental analyses of C, H, and N were performed on a PerkinElmer EA2400 series II elemental analyser. X-ray analyses were carried out on Bruker Smart Apex CCD diffractometer with graphite-monochromated MoKa radiation (λ=0.71073 Å) from an X-ray tube. ) was observed and full formation of 2 was achieved in less than 1 min. Other solvents such as THF or CH2Cl2 could also be used for the preparation of 2 following a similar methodology.
Preparation of compound 3. In a typical experiment, 2 mL of a 0.4 mM solution of 1 in anhydrous acetonitrile were placed in a UV-vis cuvette (0.8 µmol of 1). The quartz cell was capped with a septum and taken out of the glovebox, placed in the Unisoku cryostat of the UV-vis spectrophotometer and cooled down at -35 ºC. After reaching thermal equilibrium an UV-vis spectrum of the starting complex was recorded. Then, O2 was injected into the cell with a balloon and a needle through the septum and the process was monitored by UV-vis. The formation of a chromophore with absorption maxima at 395 nm (ɛ = 4500 M
) and 505 nm (ɛ = 2900 M
) was observed and full formation of 2 was achieved after 15 min. Other solvents such as acetone, THF or CH2Cl2 could also be used for the preparation of 3 following a similar methodology.
Reaction of compounds 2 and 3 towards organic substrates
Product analyses. Once the formation of 2 or 3 reached its maximum, 100 µL of an acetonitrile solution containing the required equivalents of the desired substrate were added in the UV-vis cuvette. The decay of the band at 375 nm (for 2) or 505 nm (for 3)
was monitored. After complete disappearance of the chromophore, biphenyl (internal standard) was added and the cobalt complex was removed by passing the solution through a short plug of silica. The products were then eluted with ethyl acetate and analysed by GC-FID. The organic products were identified by comparison with authentic compounds.
Computational details
Density functional theory (DFT) calculations were performed with the Gaussian09 software package.
(1) has been chosen as starting point for geometry optimizations with the B3LYP exchange-correlation functional 5, 6 and the TZVP basis set for all atoms.
7
Cobalt species were considered in all possible spin states without symmetry constraints. The effect of the acetonitrile solvent was included in geometry optimizations through the universal Solvation Model based on solute electron Density (SMD).
8
Dispersion effects were also included in geometry optimizations using the Grimme's D3 correction with the Becke-Johnson damping function. This vibrational correction parameter was derived from scaling B3LYP/cc-pVTZ frequencies to reproduce experimental data.
11
Mulliken spin densities were computed to rationalize the electronic structure of all cobalt based intermediates.
Gibbs energies (G) were evaluated with the following equation:
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